Home gardening is extremely important for resource-poor households that have limited access to production inputs. However, in South Africa attempts to implement home garden programmes often fail to improve food security of the poor due to water scarcity. Rainwater harvesting technology (RWHT) has been used to supplement the conventional water supply systems, but its potential has not been fully exploited. An understanding of the factors influencing the adoption of improved technologies is therefore critical to successful implementation of agricultural development programmes. This study evaluated the determinants of farmers' decisions to adopt rainwater harvesting technology (RWHT) in rural Msinga, KwaZulu-Natal Province, South Africa, using a binary logistic regression model based on a household survey of 180 rural home gardeners. The result of the logistic regression model showed that gender, age, education, income, social capital, contact with extension agent and perception/attitude towards RWHT are statistically significant in explaining farmers' adoption of RWHT in the study area. Implications for agricultural and rural development policy were discussed.
INTRODUCTION
For centuries, small plots of land near homesteads have been used as home gardens, which have been an integral component of family farming and local food systems (Odebode, 2006; Galhena et al., 2013) . Home gardens are found in both rural and urban areas in predominantly small-scale subsistence agricultural systems (Nair, 1993) . This is to facilitate households' direct access to a diversity of nutritionally-rich foods, which include roots, tubers, green leafy vegetables, condiments, nuts, legumes, fruits, spices, herbs, ornamental and medicinal plants and livestock products (Payre et al., 2006) . Home gardening has been documented as an important supplemented source contributing to food and nutritional security and livelihoods, and remains the most important method of food production for the majority of people in developing countries including South Africa (HSRC, 2003; Action Aid, 2005) . The benefits of home gardening include enhancement of food and nutritional security; improvement of health (as plants are an important source of medicine for humans and livestock); uplifting the socioeconomic status of women; preservation of indigenous knowledge and building integral societies; contribution to income generation, improved livelihoods, and household economic welfare, as well as promoting entrepreneurship and rural development; and conservation of biodiversity and natural resources (Galhena et al., 2013) .
The fact that home production is less cost-intensive and requires fewer inputs and investment makes home gardening extremely important for resource-poor households that have limited access to production inputs (Galhena et al., 2013) . However, numerous attempts in South Africa to implement home garden programmes have often failed to improve food security of the poor (Moorhead and Wilmer, 2001 ). One of the major factors affecting the success of home gardening is water scarcity. Water shortage for agriculture has increasingly been recognised as a major constraint to improving the lives of the rural poor. It affects rain-fed crop production and directly threatens the livelihood of millions of people, particularly in developing countries, and especially in Sub-Saharan Africa (Vink and Kirsten, 2003; Owei and Hachum, 2006) . Water has become an important component of rural livelihood programmes being established in Southern Africa (Vink and Kirsten, 2003) . South Africa is a water-scarce country with an average annual rainfall of 500 mm, approximately 60% of the world average (DWAF, 1994) . Only a narrow region along the south-eastern coastline receives good rainfall, with the greater part of the interior and western part of the country being arid or semi-arid, 65% of the country receives less than 500 mm per annum, which is usually regarded as the minimum for dryland farming, while 21% receives less than 200 mm per year (DWAF, 1994) . According to Otieno and Ochieng (2004) , of the 19 South African Water Management Areas (catchment based) in 2004, 11 experienced water deficit, where the requirements for water exceed its availability.
In South Africa, agriculture involves large numbers of people and is generally the largest user of rainwater, about 70% of the rainfall is used to produce food, natural fibres and forestry products (Department of Health, 2006) . Water scarcity in South Africa places considerable strain on rural communities who directly rely on rainfall to sustain their livelihoods, especially poor communities living in low-income houses with little access to services and resources (Bulcock and Schulze, 2011) . Irregularities in timing and distribution of rainfall often leave these communities without access to water for the most basic daily needs, including farming activities (Bulcock and Schulze, 2011) .
Increasing the crop water productivity in smallholder farming is important since productivity is often low but has large potential to be enhanced (Molden, 2007) . More efficient utilisation of available water resources has the potential to contribute towards alleviation of water scarcity, and is essential for improved food security, especially in rural areas where the majority of the food-insecure population depend on rain-fed agriculture for their livelihood (Liu et al., 2008) . The strategies to manage water efficiently and achieve food and livelihood security are numerous and of varied success (Yang and Zehnder, 2007) . Over the years and especially throughout sub-Saharan Africa, indigenous knowledge systems have adopted various ways of collecting and storing rainwater for later use (Mbilinyi et al., 2005; Rockstrom, 2000) ; rainwater harvesting technology (RWHT) is the most common of these.
Rainwater harvesting, defined as the concentration, collection and storage (in different structures or in the soil) of rainwater for use either on-site or at different location, immediately or at a later time (Boer, 1994; Siegert, 1994) . It is where rainwater is collected from rooftops, courtyards and similar compacted or treated surfaces, stored in underground tanks (UGTs) or above-ground tanks (AGTs) and used for domestic purposes, garden watering and small-scale productive activities (Mwenge-Kahinda et al., 2007) . Rainwater harvesting can contribute towards more efficient use of water resources in rural areas (Oweis, 1999) and can greatly increase agricultural productivity, improve food security and alleviate poverty. Rainwater harvesting technology (RWHT) can be implemented to alleviate temporal water supply problems and supplement conventional water supply systems, as demand is increasingly growing (Mwenga-Kahinda, et al., 2005) . However the full potential of this type of water supply has not been fully exploited in South Africa, especially in the rural areas. About 72% of South Africa's poor, which constitute the majority of the population, live in rural areas. These areas are mostly semi-arid to arid, and are marginal for crop production, except for a small proportion under irrigation (Baipheti et al., 2006) . In South Africa, the combined area of backyard gardens of rural homesteads amounts to 200 000 ha, an amount which doubles the area under irrigation (NDA, 2007) . This means that the potential impact of home gardens on household food security is enormous. However, inadequate and extreme fluctuations in the amount of water available are major constraints to productivity and profitability of agriculture, making most poor farmers remain at subsistence level and in perpetual poverty (Hatibu et al., 2006) . Given that water productivity in agriculture continues to be low, it is obvious that large volumes of water will be required to produce sufficient food for the increasing rural population. In view of the importance of the subject and the dearth of knowledge with regard to the level of adoption of rainwater harvesting technology (RWHT) in the study area, this study was undertaken to seek an understanding and explanation of the factors influencing rural households' rainwater harvesting adoption decisions.
MATERIALS AND METHODS

Study area and data collection
This study was conducted in Msinga, one of the four local municipalities constituting Umzinyathi District Municipality. It has 6 traditional authority areas, namely, Mchunu, Bomvu, Mabaso, Mthembu, Ngome, and Qamu, with a combined area of 2 500 km 2 . The estimated population in 2007 was 161 894, with a total of 32 592 households, of which only one-third of the population (about 53 000) were economically active, resulting in a high unemployment rate in the area, with high-level involvement in subsistence and informal activities (Msinga Municipality, 2011) . Msinga municipality is mostly rural; about 99% of its population lives in traditional areas. Agriculture is one of the most important economic sectors but it is still largely practised for subsistence, contributing only 18% of income. There is limited capacity of the land for productive agricultural development due to poor soil quality, adverse climatic conditions and soil erosion resulting from overgrazing. In general, the areas under extensive farming have erratic and unreliable rainfall (Msinga receives an average of 600-700 mm/a) and land degradation is very prevalent, this often fails to support rain-fed agriculture, resulting in persistent crop failures and subsequent food shortages in the area, making sustainable farming difficult. About 30% of the municipal area is made up of commercial farmland, with 70% of the land held in trust by the traditional authority -the Ingonyama Trust (Msinga Municipality, 2011) . At present, 1 967 ha of land is cultivated, of which 767 ha are under irrigation and with about 6 800 ha of land having a potential for dry cropping. Numerous community garden clubs/ groups also cultivate vegetables on 89 ha of land, and these are predominantly located along available water sources (Msinga Municipality, 2011) .
Multistage stratified random sampling was used to select representative households for the study (Barnett, 1991) . In the first stage, a reconnaissance survey was conducted to identify and list households in the six traditional authority areas who had been exposed to RWHT, as well as those without such knowledge. Focus group discussions were used to obtained background information on adaptations as well as adoption of RWHT for home gardening. This information was used to design a structured questionnaire administered to respondents during the interview, which focused on their demographic and socio-economic characteristics, farming (home gardening), institutions, and the process of RWHT adoption. The second stage involved a random sampling of 180 households (30 respondent households from each of the six traditional authority areas), to obtain a representative sample of the whole community. About 126 sampled households had positive perceptions/attitudes towards RWHT and had adopted one form of rainwater harvesting technology or the other.
Conceptual framework
The theory of maximisation of utility is generally used to explain the response of farmers to adoption of a new technology (Greene, 2003) . According to the theory, a new technology will be adopted by a farmer if the utility obtained from the new technology exceeds that of the former one. Following Adesina and Chianu (2002) and Sidibe (2005) , it is assumed that a farmer's response to his situation is consistent with utility maximising. The utility a farmer obtains from the technology is represented by U ij with j = (0, 1) indicating the adoption or non-adoption of the technology and i = (1, 2, … n) indexing the farmer's characteristics. Although these characteristics are not all observed, a linear relationship is assumed for the i th farmer between the utility derived from the j th technology and a vector of observed farmer's socio-economic characteristics X i , and can then be represented as:
The decision of the farmer is a process of two mutually exclusive alternatives: he either adopts (j = 1) or does not (j = 0). It is assume that a farmer chooses the option that gives him the largest utility. The i th farmer will adopt the technology j if U i1 > U io and the qualitative variable D i indexes the adoption decision. If U i1 ≤ U io then D = 0 and U i1 > U io then D = 1. The probability of adoption of rainwater harvesting technology can then represented as follows:
where: μ i = (ε i1 -ε i0 ) and F (X i β) is the cumulative distribution function for μ i estimated at X i β.
The probability that a farmer will adopt rainwater harvesting technology is thus a function of the explanatory variables and the unknown error term. If μ i is normal, then F is the cumulative density function corresponding to the logistic model (Amemiya, 1981 ).
The empirical model
The logistic regression model was used to determine the factors that have significant influence on the adoption of RWHT in the study area. The model was chosen because it is a standard method of analysis when the outcome variable is dichotomous (Hosmer and Lemeshow, 2000) , and when the adoption of agricultural technologies is measured as a dichotomous response variable having a value of 0 or 1, where 0 = non-adoption and 1 = adoption of the innovation. There are 2 categories of storage reservoirs for RWHT considered for this study -surface or aboveground tanks (common for roof collection) and sub-surface or underground tanks (common for ground catchment systems). Households that have used either of the two categories of storage reservoirs for rainwater harvesting are classified as adopters of RWHT and those that have not as non-adopters. If X i represents the set of parameters, including socioeconomic, farming, institutional factors and village-specific characteristics, which influence the adoption decisions of the i th farmer, then for the farmer U i is an indirect utility derived from the adoption decision, which is a linear function of k explanatory variables (X), and is expressed as:
where: β 0 is the intercept term β 1, β 2, β 3…. β i are the coefficients associated with each explanatory variable X 1 , X 2 , X 3 … X ki .
The RWHT adoption decision or the probability that the i th farmer adopts RWHT by the presence of these factors (X i ) is given by:
where: P i denotes the probability that the i th farmer's adoption decision is 1, then (1−P i ) is the probability that the adoption decision is 0. The odds (D = 1 versus D = 0) to be used can be defined as the ratio of the probability that a farmer adopts (P i ) to the probability of non-adoption (1-P i ) i.e. .
Taking the natural log, the prediction equation for the i th farmer is expressed as:
where: U i is also referred to as the log of the odds ratio in favour of RWHT.
Variables used in the empirical model
Literature has shown that adoption of technology is determined by a host of factors, such as group participation (social capita), human capital (education), physical capital, land ownership, farm size, and contact with extension agents, as well as other household characteristics, which include age, household size, off-farm income, family income, etc. (see Ramji, et al., 2002; Abera, 2003; Chianu and Tsujii, 2004; Tassew, 2004; Sidibe, 2005) . The explanatory variables used in the empirical logistic regression model are presented in Table 1 . 
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RESULTS AND DISCUSSION
Socio-economic characteristics of the respondent households
Households' demographic, socio-economic and farm characteristics play an important role in determining their technology adoption decisions and their livelihoods. The majority (77%) of the farmers were male. The average age of the farmers was 40 years, indicating that majority of the respondents were within the active and productive age range.
The level of education determines the level of opportunities available to improve livelihood strategies and managerial capability in production. The study revealed that about 64% of the farmers were educated, while about 36% had no formal education. As practised in many rural economies in developing countries, farming is the major source of livelihood for the households in the study area. About 75% of the respondents were either crop or livestock farmers. The average household size was 8 persons. Large family size is not uncommon with subsistence agriculture as it is required to meet the labour requirement on the farm.
The average household monthly income was R775. The majority of the households had no access to formal credit facilities. Only 15% of farmers had access to credit facilities, while the majority depended on their personal savings to finance their farm operations. Most households reported participating in a variety of groups. Group participation facilitates the spread of knowledge, information and innovations. Households belong to an average of 3 groups, with 2 types predominating, i.e., financial groups, which includes stokvels (saving clubs) and burial societies (which provide insurance for funeral costs), and religious groups. A household had at least one contact with an extension agent in a year. About 38% of the households reported between 1 and 3 extension contacts in a year.
Security of land rights is of great importance to farmers especially in rural areas due to land scarcity. The ease of acquiring farm lands bears direct relationship with the hectares cultivated by the farmer, vis-à-vis his output. The majority of the famers felt that their land rights are not secured. This is because land is not owned by individuals but held in trust by the ingonyama (King) who distributes it to district chiefs. It is usually the chiefs and their indunas (headmen) who allocate land to household heads.
The majority of the farmers had a positive attitude towards the rainwater harvesting technology; however, about 30% of them did not. The lack of capital and credit, and the labourintensive nature of the technology are the reasons given for their negative perception of the technology. The statistics of the explanatory variables and the distribution of the households' socio-economic characteristics are presented in Tables 2 and 3 , respectively.
The empirical result of the logistic regression model
The maximum likelihood method using the SPSS 17.0 was used to estimate the coefficients of the binary logistic regression of the factors influencing the adoption of RWHT. The model fit was tested using the Hosmer and Lemeshow statistics. The overall percentage of correct predictions was 89.2%. The p-value of 0.721 shows that there is a significant difference between the observed and predicted values of the dependent variables, indicating that the model's estimates fit the data well, at an acceptable level. The binary logistic regression estimates and the exponential of the logistic regression estimate (which is interpreted as the predicted change in odds for unit increase in the corresponding variable) are presented in Table 4 .
The results presented in Table 4 show a statistically-significant positive relationship between gender and adoption of rainwater harvesting technology. The odds ratio for gender is 3.490, implying that a male farmer is more likely to adopt RWHT, at 3.5 times the odds of a female farmer. This finding is consistent with a priori expectations, and may be a reflection of the bias against rural women inheriting land or having secure land rights. Previous adoption studies have found that women are less likely to adopt new technology (Adesina and Chianu, 2002) .
Age has a statistically significant negative effect on adoption of RWHT, i.e., older farmers are less likely to adopt RWHT. The odds ratio for age is 0.966, implying that a year increase in the age of farmer decreases the probability of adoption by about 1. This is consistent with the theory of human capital; young members of a household have a greater chance of absorbing and applying new knowledge (Sidibe, 2005) .
Education has a statistically-significant positive effect on adoption of RWHT, i.e., educated farmers are more likely to adopt RWHT. The odds ratio for education is 1.26, implying that one more year of education increases the probability of adoption of RWHT by 1.26. This is consistent with the findings 
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of Chianu and Tsujii (2004), Sidibe (2005) and He et al. (2007) . Education improves the capability for resourcefulness and invention.
Household income has a statistically-significant positive effect on adoption of RWHT, i.e. ,farmers with higher family incomes are more likely to adopt RWHT. The odds ratio for income is 3.38, implying that an increase in households' income increases the probability of adoption of RWHT by 3.38. A higher level of household income implies a greater incentive for investment in agricultural technologies and ability to bear the risk associated with its adoption.
Social capital has a statistically-significant positive effect on adoption of RWHT, i.e., farmers who are members of associations/groups are more likely to adopt RWHT. The odds ratio for social capital is 7.149, implying that association/group membership increases the probability of adoption of RWHT by 7.149. Participation in group activities and being connected to social systems proved to be positively associated with early adoption of technologies (Birungi and Hassan, 2007; Katungi, et al., 2007) . The higher the degree of connectedness of a community the more easily people would be able to transfer information and the more people this information is likely to reach (Baiyegunhi, 2013) .
Contact with extension has a statistically-significant positive effect on adoption of RWHT, i.e., farmers who had contact with extension agents/experts are more likely to adopt RWHT. The odds ratio for extension contact is 2.83, implying that one more contact with extension agents increases the probability of adoption of RWHT by 2.83. Contact with extension agents allows farmers greater access to information, training on technology, inputs, credit and the borrowing of agricultural equipment, through increased opportunities to participate in on-farm demonstrations and trials, which thus increase farmers' ability to adopt RWHT (Adesina and Chianu, 2002; Sidibe, 2005) .
Security of land rights has a statistically-significant positive effect on adoption of RWHT, i.e., farmers who feel their land rights are secured are more likely to adopt RWHT. The odds ratio for security of land rights is 3.47, implying a secured land right could increase the probability of adoption of RWHT by 3.47. In most rural areas of South Africa, land is not owned by individuals but held in trust by the ingonyama (King) who distributes it to district chiefs. It is usually the chiefs and their indunas (headmen) who allocate land to household heads. The 
38
fear of losing land due to land redistribution gives farmers a sense of insecurity, which often discourages them from investing in fixed improvements on their land (Bekele and Drake 2003).
Farmer's perception/attitude toward RWHT has a statistically-significant positive effect on adoption of RWHT, i.e., farmers who have positive perceptions/attitude towards RWHT are more likely to adopt it. The odds ratio for perceptions/attitude is 2.95, implying that a famer who has a positive attitude is likely to adopt RWHT at 3 times the odds of a farmer who has a negative attitude. This result is not surprising and is consistent with a priori expectations and the findings of He et al. (2007) . A positive perception/attitude towards an innovation by a household is expected to lead to subsequent adoption of such technology.
CONCLUSION AND POLICY IMPLICATIONS
The aim of this study was to determine the factors influencing households' adoption of rainwater harvesting technology (RWHT) for home gardening in Msinga, KwaZulu-Natal. Useful findings have emerged that provide insight into the pathways to increase the adoption of RWHT. The result of the logistic regression model indicates that gender, age, education, income, social capital, contact with extension agent and perception/attitude towards RWHT are statistically significant in explaining farmers' adoption of RWHT in the study area.
Therefore, there is a need for policy makers and the private sector to target young farmers when promoting adoption. Increasing rural farmers' educational attainment can increase the probability of agricultural technology adoption. The finding that male farmers have a higher likelihood of adopting RWHT than female farmers suggests the need to develop more appropriate options for women. Women form the majority of farm labour but suffer several constraints to the use of sustainable agricultural practices and household resources. Efforts are needed to reduce the gender gap in the adoption of RWHT.
There is also a need for improvement in farmers' contact and access to extension services. The present situation in which farmers have an average of 1 extension contact in a year is detrimental. Improved access and contact with extension agents could increase farmers' knowledge and perception of the benefit of RWHT through better access to technical information, education and training. Furthermore, there is a need for greater social capital formation through group membership/ networks. Government, the private sector and extension agents could also enhance technology adoption appropriately with a better understanding of the nature and objectives of the existing social groups/networks in rural areas, in order to use them for project design and delivery. Security of land rights also needs to be improved for adoption of new farming technologies and increased agricultural productivity, which could translate into higher incomes for rural farmers.
